SEMICONDUCTOR DEVICES HAVING DUAL CAPPING LAYER PATTERNS AND 
METHODS OF MANUFACTURING THE SAME 



CROSS REFERENCE TO RELATED APPLICATIONS 
This patent application claims priority from Korean Patent Application No. 10-2003- 
001661 1 filed on March 17, 2003, the contents of which are hereby incorporated by reference 
in their entirety. 

BACKGROUND OF INVENTION 

1. Field of the Invention 

The disclosure relates to semiconductor devices, and more particularly, to 
semiconductor devices having dual capping layer patterns and methods of manufacturing the 
same. 

2. Description of the Related Art 

In recent years, there has been increased interest in forming at the same time contact 
holes which penetrate at least one interlayer insulating layer in a cell array region and a 
peripheral circuit region. In forming the contact hole, it is important to reduce the number of 
masks used in a semiconductor fabrication process. So, a gate line of a multi layer structure 
should be optimized. This is because among the contact holes one which is formed on the 
gate line should be formed in consideration of an etching selectivity ratio that is different 
from the interlayer insulating layer. That is, a stable profile should be obtained for a contact 
resistance of the contact hole. A conventional semiconductor device having the contact hole 
is explained as follows. 

FIG. 1 is a cross-sectional diagram illustrating a conventional semiconductor device. 

Referring to FIG. 1, a trench separating layer 10 and a gate insulating layer 14 are 
formed on a semiconductor substrate 1 having a cell array region B and a peripheral circuit 
region C. A plurality of word line patterns 30 and at least one gate pattern 30-1 are formed on 
the gate insulating layer 14 in cell array region B and the gate insulating layer 14 in the 
peripheral circuit region C, respectively. Each of the word line patterns 30 includes a word 
line 16 and a word line capping layer 18. The gate pattern 30-1 includes a gate electrode 16-1 
and a gate capping layer pattern 18-1. The word line 16 and the gate electrode 16-1 are 
formed of a doped polysilicon layer. The word line capping layer pattern 18 and the gate 
capping layer pattern 18-1 are formed of a nitride layer. N- low concentration regions 20 are 
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formed on the semiconductor substrate 1 using the word line pattern 30 and the gate pattern 
30-1 as a mask. Gate spacers 22 are formed on side walls of the word line pattern 30 and the 
gate pattern 30-1. The gate spacer 22 is formed of a nitride layer. Also, N+ high 
concentration regions may be further formed in the semiconductor substrate 1 of the 
5 peripheral circuit region by using the gate patterns 30-1 and the gate spacers 22 as a mask, 
thereby forming a light doped drain (LDD) structure together with the N- low concentration 
regions 20. A pad interlayer insulating layer 32 is formed over the semiconductor substrate 1 
having the gate spacer 22. The pad interlayer insulating layer 32 is formed of an oxide layer. 
Pad contact holes 40, 45, and 50 are formed in portions of the pad interlayer insulating layer 

10 32 between the word line patterns 18. Landing pads 52, 54, and 56 are formed to fill the pad 
contact holes 40, 45, and 50, respectively. A bit line interlayer insulating layer 58 is formed 
over the semiconductor substrate 1 having the landing pads 52, 54, and 56. The bit line 
interlayer insulating layer 58 is formed of an oxide layer. The bit line interlayer insulating 
layer 58, the pad interlayer insulating layer 32, and the gate capping pattern 18-1 are 

1 5 sequentially patterned to form a cell contact hole 60 and a peripheral circuit contact hole 65 
in the cell array region B and the peripheral circuit region C, respectively. The cell contact 
hole 60 is formed to expose one selected from the landing pads 52, 54, and 56, and the 
peripheral circuit contact hole 65 exposes a portion of the gate electrode 16-1. Then, bit lines 
70 and 70-1 are formed to fill the cell contact hole 60 and the peripheral circuit contact hole 

20 65, respectively. 

In the peripheral circuit region, however, the pad interlayer insulating layer 32 and the 
bit line interlayer insulating layer 58 have an etching selectivity ratio different from the gate 
capping layer pattern 18-1. This means that the pad interlayer insulating layer 32 and the bit 
line interlayer insulating layer 58 differ from the gate capping layer pattern 18-1 in etching 

25 amount per a unit time. Therefore, a profile of the peripheral circuit contact hole 65 formed 
on the gate capping layer pattern 18-1 is different from that of the cell contact hole 60. As a 
result, since a profile of the peripheral circuit contact hole 65 is not uniform, a process 
tolerance for the dry etching becomes narrow, and the performance of the semiconductor 
device deteriorates. 

30 Also, the more a design rule is reduced, the more closely the semiconductor device 

approaches the limitations of the photolithography process used in forming the pad contact 
holes 40, 45, and 50. That is, since a gap "A" between the pad contact holes 40, 45, and 50 is 
reduced to meet a reduced design rule, a short circuit may occur between the landing pads 52, 
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54, and 56. This results in a problem that an overlapping width Wl between the pad contact 
holes 40, 45, and 50 and the word line capping layer pattern 18 should be small. 

On the other hand, US Pat. No. 6,423,627 to Carter et al. (the '627 patent) discloses a 
method for forming memory array and periphery contacts using the same mask. 
5 According to the '627 patent, the method includes forming a gate insulating layer on a 

semiconductor substrate having a memory array region and a peripheral circuit region. A 
plurality of gate electrodes are formed on portions of the gate insulating layer in the memory 
array region, and disposable caps are formed on the gate electrodes. At least one gate 
electrode is formed on a portion of the gate insulating layer in the peripheral circuit region, 

10 and a disposable cap is formed on the gate electrode. The width of the gate electrode in the 
peripheral circuit region is greater than the width of the gate electrode in the memory array 
region. Spacers are formed on side walls of the gate electrodes and the disposable caps. An 
initial insulating layer is formed over the semiconductor substrate having the spacers. The 
initial insulating layer is planarized to expose the disposable caps in the memory array region 

15 and the peripheral circuit region. The disposable caps are selectively removed. A first 

insulating layer is formed over the semiconductor substrate having the initial insulating layer. 
The first insulating layer is entirely etched back. Here, in the memory array region, the initial 
insulating layer is exposed and at the same time the first insulating layer is filled in portions 
corresponding to the disposable caps. In the peripheral circuit region, inward spacers made of 

20 the first insulating layer are formed on side walls of the gate electrodes and the spacers, 
exposing the gate electrode. A second insulating layer is formed over the semiconductor 
substrate having the inward spacers. A self-aligned contact hole is formed in a region 
between the gate electrodes to penetrate the initial insulating layer and the second insulating 
layer and expose the semiconductor substrate. At the same time, a peripheral contact hole is 

25 formed in a region between the inward spacers to penetrate the second insulating layer in the 
peripheral circuit region and expose the gate electrode. The self-aligned contact hole and the 
peripheral contact hole are formed using a single mask. 

However, this method may cause a removal of the disposable cap on the gate 
electrode and a formation of the first insulating layer on the gate electrode to burden the 

30 semiconductor fabrication process. Also, the formation of the inward spacers in the peripheral 
circuit region can add plasma damage resulting from the gate electrode being exposed to 
etching gas. 

SUMMARY OF THE INVENTION 
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Some embodiments of the invention provide semiconductor devices having dual 
capping layer patterns suitable for obtaining uniform contact holes. Other embodiments of 
the invention provide methods of manufacturing a semiconductor device having dual capping 
layer patterns capable of obtaining uniform contact holes. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
Exemplary embodiments of the invention will be readily apparent to those of ordinary 
skill in the art upon review of the detailed description that follows when taken in conjunction 
with the accompanying drawings, in which like reference numerals denote like parts. 
10 FIG. 1 is a cross-sectional diagram illustrating a semiconductor device according to 

the conventional art. 

FIG. 2 is a plan diagram illustrating a part of a semiconductor device according to 
some embodiments of the invention. 

FIG. 3 is a cross-sectional diagram taken along line I - I ' of FIG. 2. 
15 FIGs. 4 to 8 are cross-sectional diagrams taken along line I - I ' of FIG. 2, 

illustrating a process of manufacturing a semiconductor device according to some 
embodiments of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 
20 Reference will now be made in detail to exemplary embodiments of semiconductor 

devices having dual capping layer patterns and methods of manufacturing the same of the 
invention, which are illustrated in the accompanying drawings. 

FIG. 2 is a plan diagram illustrating a part of a semiconductor device according to 
some embodiments of the invention. FIG. 3 is a cross-sectional diagram taken along line I - 
25 I ' of FIG. 2. 

Referring to FIGS. 2 and 3, a trench separating layer 120 is placed in a semiconductor 
substrate 100 having a cell array region F and a peripheral circuit region G. The trench 
separating layer 120 defines active areas 110 and 1 10-1. A plurality of word line patterns 140 
and at least one gate pattern 140-1 are placed, respectively, in the cell array region F and the 
30 peripheral circuit region G of the semiconductor substrate having the trench separating layer 
120. The word line pattern 140 includes a word line 132 and a word line capping layer pattern 
134 stacked on the word line 132. 
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The gate pattern 140-1 includes a gate electrode 132-1 and a gate capping layer 
pattern 134-1 stacked on the gate electrode 132-L The word line capping layer pattern 134 is 
an insulating layer having an etching selectivity ratio different from the gate capping layer 
pattern 134-1. Preferably, the word line capping layer pattern 134 is a nitride layer, and the 
5 gate capping layer pattern 134-1 is an oxide layer. Gate spacers 144 are placed on side walls 
of the word line pattern 140 and the gate pattern 140-1. A pad interlayer insulating layer 148 
covers the semiconductor substrate 100 having the gate spacer 144. Preferably, the pad 
interlayer insulating layer 148 has the same etching selectivity ratio as the gate capping layer 
pattern 134-1. 

1 0 Pad contact holes 1 60 and 1 70 are placed in regions between the word line patterns 

140 to penetrate a portion of the pad interlayer insulating layer 148 in the cell array region F. 
The pad contact holes 160 and 170 are filled with landing pads 172 and 174. A bit line 
interlayer insulating layer 1 76 covers the semiconductor substrate 1 00 having the landing 
pads 172 and 174. Preferably, the bit line interlayer insulating layer 176 has the same etching 

15 selectivity ratio as the pad interlayer insulating layer 148. 

A cell contact hole 180 and a peripheral circuit contact hole 180-1 are placed, 
respectively, on the semiconductor substrate 100 of the cell array region F and the peripheral 
circuit region G. The cell contact hole 180 is formed to penetrate the pad interlayer insulating 
layer 148 and the bit line interlayer insulating layer 176 and expose a portion of the 

20 semiconductor substrate 100 between the word line patterns 140 having no landing pads 172 
and 174. The peripheral circuit contact hole 180-1 is formed to penetrate the pad interlayer 
insulating layer 148 and the bit line interlayer insulating layer 176 and expose a portion of the 
upper surface of the gate electrode 132-1 through a removed portion of the gate capping layer 
pattern 134-1. 

25 Even though FIG. 2 shows that gaps D and E between the pad contact holes 160 and 

170 and the contact hole 180 is smaller than a width of the word line pattern 140 in the cell 
array region F, a short circuit does not occur due to the bit line interlayer insulating layer 176 
interposed between the pad contact holes 160 and 170 and the cell contact hole 180. This can 
increase a width W2 that the pad contact holes 160 and 170 overlap over the word line 

30 pattern 140 compared to the conventional semiconductor device of FIG. 1. 

As shown in FIG. 3, since the gate capping layer pattern 134-1, the pad interlayer 
insulating layer 148, and the bit line interlayer insulating layer 176 have the same etching 
selectivity ratio in the peripheral circuit region G, the peripheral circuit contact hole 180-1 

Patent Application 5 Docket No. 8750-064 

Client No. SPX200303-0024US 



can have an uniform profile compared to the peripheral circuit contact hole 65 of the 
conventional semiconductor device of FIG. 1 . 

FIGS. 4 to 8 are cross-sectional diagrams taken along line I - I ' of FIG. 2, 
illustrating a process of manufacturing a semiconductor device according to some 
5 embodiments of the invention. 

Referring to FIG. 4, a trench separating layer 120 is formed on a semiconductor 
substrate 1 00 having a cell array region F and a peripheral circuit region G. The trench 
separating layer 120 defines active areas 1 10. A gate insulating layer 122, a gate conductive 
layer 124, a word line capping layer 126, and a photoresist 128 are sequentially formed on the 

10 semiconductor substrate 100 having the trench separating layer 120. The gate insulating layer 
122 is formed of an oxide layer. The gate conductive layer 124 is formed of a doped 
polysilicon layer or alternatively of a doped polysilicon layer and a metal silicide layer 
stacked thereon. The word line capping layer 126 is formed of an insulating layer having an 
etching selectivity ratio different from the oxide layer. Preferably, the word line capping layer 

15 126 is formed of a nitride layer. Here, a portion of the photoresist 128 in the peripheral circuit 
region G is removed by a light exposure technique of the well known photolithography 
process. The word line capping layer 126 is selectively etched to expose the gate conductive 
layer 124 in the peripheral circuit region G by using the etched photoresist 128 as a mask. 
The process of selectively etching the word line capping layer 126 is performed by using 

20 either a dry-etching process, a chemical mechanical polishing process, or a wet-etching 
process. 

Also, the gate insulating layer 122, the gate conductive layer 124, a gate capping layer 
(not shown), and the photoresist 128 may be sequentially formed on the semiconductor 
substrate 100 having the trench separating layer 120. The gate capping layer is formed of an 

25 insulating layer having an etching selectivity ratio different from the word line capping layer 
126. The gate capping layer is formed of an oxide layer such as flowable oxide (FOX) or spin 
on glass (SOG). Here, a portion of the photoresist 128 in the cell array region F is removed 
by using a light exposure technique of the well known photolithography process. The gate 
capping layer is selectively etched by using the etched photoresist 128 as a mask to expose 

30 the gate conductive layer 124. The process of selectively etching the word line capping layer 
128 is performed by using either a dry-etching process, a chemical mechanical polishing 
process, or a wet-etching process. 
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Referring to FIG. 5, the etched photoresist 128 is removed from the semiconductor 
substrate 100. A gate capping layer 130 is formed over the whole surface of the 
semiconductor substrate having the etched word line capping layer 126 and the gate 
conductive layer 124. The gate capping layer 130 is formed of an oxide layer such as 
5 flowable oxide (FOX) or spin on glass (SOG) like in FIG. 4. 

In the case that the gate insulating layer 122, the gate conductive layer 124, and the 
etched gate capping layer are sequentially formed over the semiconductor substrate 100 in 
FIG. 4, the word line capping layer (not shown) can be formed over the semiconductor 
substrate 100 having the etched gate capping layer and the gate conductive layer 122 after 

10 removing the etched photoresist 128 from the semiconductor substrate 100. Preferably, the 
word line capping layer is formed of a nitride layer like in FIG. 4. 

Referring to FIG. 6, when the gate capping layer 130 is formed over the 
semiconductor substrate having the gate insulating layer 122, the gate conductive layer 124, 
and the etched word line capping layer 126 in FIG. 5, the gate capping layer 130 is planarized 

1 5 to expose the etched word line capping layer 126 in the cell array region F. Here, the gate 
capping layer 130 in the peripheral circuit region G selectively remains while exposing the 
etched word line capping layer 126 in the cell array region F. 

Before planarizing the gate capping layer 130, a photoresist (not shown) may be 
formed on the gate capping layer 130. The photoresist and the gate capping layer 130 are 

20 sequentially etched back, so that the photoresist is removed to expose the etched word line 

capping layer 126 in the cell array region F. Here, the gate capping layer 130 in the peripheral 
circuit region G selectively remains while exposing the etched word line capping layer 126 in 
the cell array region F. 

Also, in the case that the word line capping layer (not shown) is formed over the 

25 semiconductor substrate having the gate insulating layer 122, the gate conductive layer 124, 
and the etched gate capping layer in FIG. 5, the word line capping layer is planarized to 
expose the etched gate capping layer in the peripheral circuit region G. Here, the word line 
capping layer in the cell array region F selectively remains while exposing the etched gate 
capping layer in the peripheral circuit region G. 

30 Before planarizing the word line capping layer, a photoresist can be formed on the 

word line capping layer. The photoresist and the word line capping layer are sequentially 
etched back, so that the photoresist is removed to expose the etched gate capping layer in the 
peripheral circuit region G. Here, the word line capping layer in the cell array region F 
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selectively remains while exposing the etched gate capping layer 126 in the peripheral circuit 
region G. 

The etched word line capping layer 126, the etched gate capping layer 130, and the 
gate conductive layer 124 are patterned by using the well known photolithography and 
5 etching processes to form a plurality of word line patterns 140 in the cell array region F. Each 
of the word line patterns 140 includes a word line 132 and a word line capping layer pattern 
134 stacked thereon. With the formation of the word line pattern 140 in the cell array region 

F, at least one gate pattern 140-1 is formed, at the same time, in the peripheral circuit region 

G. The gate pattern 140-1 includes a gate electrode 132-1 and a gate capping layer pattern 
10 134-1 stacked thereon, 

A plurality of the word line patterns 140 may be formed in the cell array region F by 
patterning the etched word line capping layer and the gate conductive layer 124 in the cell 
array region F by using the well known photolithography and etching processes. After 
forming the word line pattern 140, the gate capping layer 130 and the gate conductive layer 
15 124 in the peripheral circuit region G are patterned to form at least one gate pattern 140-1 in 
the peripheral circuit region G. 

Alternatively, at least one gate pattern 140-1 may be first formed in the peripheral 
circuit region G by patterning the etched gate capping layer 130 and the gate conductive layer 
124 in the peripheral circuit region G by using the well known photolithography and etching 
20 processes. After forming the gate pattern 140-1, the etched word line capping layer 126 and 
the gate conductive layer 124 in the cell array region F are patterned to form a plurality of 
word line patterns 140 in the cell array region F. 

The word line capping layer patterns 134 is formed from the etched word line capping 
layer 126, and the gate capping layer pattern 134-1 is formed from the etched gate capping 
25 layer 130. That is, the semiconductor device having the word line pattern 140 and the gate 
pattern 140-1 has dual capping layer patterns with different etching selectivity ratios. 

Impurity ions are implanted into the semiconductor substrate 100 to form N- low 
concentration regions 142 in both the cell array region F and the peripheral circuit region G 
by using the word line pattern 140 and the gate pattern 140-1 as a mask. The N- low 
30 concentration regions 142 are formed to overlap edges of the word line pattern 140. 

Gate spacers 144 are formed on side walls of the word line pattern 140 and the gate 
pattern 140-1. The gate spacers 144 are formed of an insulating layer having an etching 
selectivity ratio different from an oxide layer. The gate spacers 144 are preferably formed of 
a nitride layer. Impurity ions may be implanted into the semiconductor substrate 1 00 to form 
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N+ high concentration regions in the peripheral circuit region G by using the gate patterns 
140-1 the gate spacers 144 as a mask, thereby forming a lightly doped drain (LDD) structure. 

Referring to FIG. 7, a pad interlayer insulating layer 148 is formed over the 
semiconductor substrate 100 having the gate spacer 144. The pad interlayer insulating layer 
5 148 is formed of an insulating layer having an etching selectivity ratio different from the 
word line capping layer pattern 134 and the gate spacer 144 in the cell array region F. The 
pad interlayer insulating layer 148 is formed of an insulating layer having the same etching 
selectivity ratio as the gate capping layer pattern 134-1. Preferably, the pad interlayer 
insulating layer 148 is formed of an oxide layer. 

10 Pad contact holes 160 and 170 are formed to penetrate the pad interlayer insulating 

layer 148 in the cell array region F, thereby to expose a portion of the semiconductor 
substrate 100 between the word line patterns 140. The pad contact holes 160 and 170 are 
formed by a self-align method using the word line patterns 140. The pad contact holes 160 
and 170 can increase a gap W2 overlapping the word line patterns 140 compared to that of 

15 conventional art. This is because an interval H between the pad contact holes 160 and 170 is 
greater than the pad contact holes 40, 45, and 50 of FIG. 1 . This results in an advantage that 
the pad contact holes 160 and 170 can be formed to actively cope with a gradually reduced 
design rule. 

Landing pads 172 and 174 are formed to fill the pad contact holes 160 and 170. The 
20 landing pads 1 72 and 174 are preferably formed of a doped poly-silicon layer. 

Referring to FIG. 8, a bit line interlayer insulating layer 176 is formed over the whole 
surface of the semiconductor substrate 100 having the landing pads 172 and 174. The bit line 
interlayer insulating layer 1 76 is formed of an oxide layer having the same etching selectivity 
ratio as the pad interlayer insulating layer 148. A cell contact hole 180 is formed in a region 
25 between the word line patterns 140 to penetrate the pad interlayer insulating layer 148 and the 
bit line interlayer insulating layer 176 in the cell array region F. The cell contact hole 180 is 
formed to expose a portion of the semiconductor substrate 100 between the word line patterns 
140 having no landing pads 172 and 174. With the formation of the cell contact hole 180, a 
peripheral circuit contact hole 180-1 is formed, at the same time, to penetrate the bit line 
30 interlayer insulating layer 176, the pad interlayer insulating layer 148, and the gate capping 
layer pattern 134-1, exposing a portion of the upper surface of the gate electrode 132-1. The 
cell contact hole 180 is formed by using a self-align method. Bit lines 190 and 190-1 are 
formed on the bit line interlayer insulating layrer 176 to fill the cell contact hole 180 and the 
peripheral circuit contact hole 180-1. 
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The cell contact hole 180 in the cell array region F has a large tolerance in a 
photolithography process compared to the cell contact hole 60 of FIG. 1. Since the cell 
contact hole 180 is not formed on the landing pads like FIG. 1, a gap E between the pad 
contact hole 160 and the cell contact hole 180 can be reduced to a size such that a short 
5 circuit between the bit line 1 90 and the landing pad 1 72 does not occur, or the gap E between 
the pad contact hole 170 and the cell contact hole 180 can be reduced to a size such that a 
short circuit between the bit line 190 and the landing pad 174 does not occur. Therefore, a 
contact resistance of the cell contact hole 180 is significantly improved. However, since the 
cell contact hole 60 is formed on the landing pad 54, the cell contact hole 60 is subject to a 
1 0 physical limitation of a photolithography process used during the forming of the landing pads 
52, 54, and 56. 

Also, the peripheral circuit contact hole 180-1 in the peripheral circuit region G has a 
uniform profile compared to the conventional art. This is because the peripheral circuit 
contact hole 180-1 is formed in the gate capping layer pattern 134-1, the pad interlayer 

1 5 insulating layer 148, and the bit line interlayer insulating layer 176, which have 

approximately the same etching selectivity ratio. Hence, the peripheral circuit contact hole 
180-1 can obtain a constant contact resistance. 

As described above, the pad interlayer insulating layer and the bit line interlayer 
insulating layer are sequentially formed over the whole surface of the semiconductor 

20 substrate having a plurality of word line patterns in the cell array region and at least one gate 
pattern in the peripheral circuit region. The word line patterns include the word line and the 
word line capping layer pattern, and the gate pattern includes the gate electrode and the gate 
capping layer pattern having an etching selectivity ratio different from the word line capping 
layer pattern. The gate capping layer pattern has the same etching selectivity ratio as the bit 

25 line interlayer insulating layer and the pad interlayer insulating layer. The cell contact hole 
and the peripheral circuit contact hole are simultaneously formed in the cell array region and 
the peripheral circuit region, respectively. Here, the peripheral circuit contact hole has a 
uniform profile along with the cell contact hole. The cell contact hole and the peripheral 
circuit contact hole can obtain a stable contact resistance, thereby improving a performance 

30 of the semiconductor device. 

There are many ways to practice the invention. What follows are exemplary, non- 
limiting descriptions of some embodiments of the invention. 
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Embodiments of the invention provide a semiconductor device having dual capping 
layer patterns suitable for obtaining uniform contact holes and a method of manufacturing the 

same. 

According to some embodiments of the invention, there is provided a semiconductor 
5 device that includes a semiconductor substrate having a cell array region and a peripheral 
circuit region. A plurality of word line patterns is placed in the cell array region of the 
semiconductor substrate, each of the plurality of the word line patterns includes a word line 
and a word line capping layer pattern stacked thereon. At least one gate pattern is placed in 
the peripheral circuit region, including a gate electrode and a gate capping layer pattern 

10 stacked thereon, the gate capping layer pattern having an etching selectivity ratio different 
from the word line capping layer pattern. Gate spacers cover side walls of the word line 
pattern and the gate pattern. A pad interlayer insulating layer and a bit line interlayer 
insulating layer are sequentially formed over the whole surface of the semiconductor 
substrate having the gate spacers, and having the same etching selevtivity ratio as the gate 

15 capping layer pattern. A cell contact hole penetrates the bit line interlayer insulating layer and 
the pad interlayer insulating layer to place in a predetermined region beween the word line 
patterns. Also, a peripheral circuit contact hole penetrates the bit line interlayer insulating 
layer, the pad interlayer insulating layer and the gate capping layer pattern to expose the gate 
electrode. 

20 According to some embodiments of the invention, there is a method of manufacturing 

a semiconductor device that includes preparing a semiconductor device having a cell array 
region and a peripheral circuit region. A gate insulating layer and a gate conductive layer are 
sequentially formed on the semiconductor substrate. A word line capping layer and a gate 
capping layer are selectively formed on the gate conductive layer in the cell array region and 

25 the gate conductive layer in the peripheral circuit region, respectively. The word line capping 
layer, the gate capping layer, and the gate conductive layer are sequentially patterned to form 
a plurality of word line patterns in the cell array region and at least one gate pattern in the 
peripheral circuit region, the word line pattern including a word line and a word line capping 
layer pattern, the gate pattern including a gate electrode and a gate capping layer pattern. Gate 

30 spacers are formed on side walls of the word line pattern and the gate pattern. A pad 

interlayer insulating layer and a bit line interlayer insulating layer are sequentially formed 
over the whole surface of the semiconductor substrate having the gate spacers. And the bit 
line interlayer insulating layer, the pad interlayer insulating layer and the gate capping layer 
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pattern are sequentially patterned to form a cell contact penetrating a region between the 
word line patterns and a peripheral circuit contact hole exposing the gate electrode. 

While the invention has been particularly shown and described with reference to 
exemplary embodiments thereof, it will be understood by those skilled in the art that the 
5 foregoing and other changes in form and details may be made therein without departing from 
the spirit and scope of the invention as defined in the following claims. 
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